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MYTH OR REALITY ?
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X  XOR THE UNTOLD STORY
OF THE ENSEMBLE MEAN

ENSEMBLE FORECASTING 
REVISITED    X
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EMERGING NATIONAL PRIORITIES



OUTLINE
ÅHistorical context - Ensemble Mean basics

ÅLogistic function to describe

ïControl forecast error and its reduction due to 

nonlinearities

ÅInitial value vs saturation related filtering

ÅProjection of perturbations on control error

ÅAlternatives to dynamically generated ensembles

ÅHow to choose initial perturbations? 5



HISTORICAL PERSPECTIVE
ÅEnsemble Forecasting (EF) emerged along dynamically 

based Numerical Weather Prediction - Lewis 2005

ïEady, Thompson, Leith, Lorenz 1965

6

- some vagueness



CONCEPT OF & PRODUCTS FROM EF

ÅEnsemble of initial states around

ïñObserved stateò OR

ïBest / unperturbed / control analysis

ÅState estimate

ïControl (c) OR Ensemble Mean (em)?

ïInitial value, OR full nonlinear saturation related 

filtering?

ÅError estimate

ïStatistical or ensemble spread?

ÅProbabilistic forecasts

ïStatistical or ensemble derived?
7



THRUST OF TALK

ÅCritical review of some basic questions about EF
ïBeing long in field one may take things granted

ïSome NWP scientists instinctively question logic behind EF
ÅWhose instincts are right? - Pose & probe questions

ÅEF works - ensemble mean, spread, probabilities used
ïWhat are the mechanisms behind? - Look behind curtain

ÅN times higher cost than single forecast
ïOr must compromise quality by degrading model used

ÅAny opportunities for alternatives?
ïDistinguish between
ÅEnd goal ïeg, probabilistic products ïwe need this, vs

ÅMeans ïeg, ensemble or other (statistical?) methods

ïNeed one of these, there are methods other than ensemble

ïConsider performance & cost of alternatives
ÅPros & cons for EF

Focus on state estimate ïassess ensemble mean
8



Å Definition ïArithmetic mean of members

Å Characteristics

ïFilters out progressively larger unpredictable scales - Lorenz 1965; TK97

ÅUnrealizable / unrealistic fields ïchallenging to use

ï Improves skill in retained scales? ïToth & Kalnay 1997

ÅNot assessed thoroughly

Å Reference for assessing performance

ïError in control described by logistic function

Å Parametric modelling of error in EM vs control -

ï Initial error variance in control ïRms(C-Reality)

ïPerturbation variance - Rms(P-C)

ïFraction of perturbation projecting on control error ïF(P:(C-R))

ïNumber of ensemble members - n

ïLead time - lt

ÅMetric for impact of EM ï% difference btw error in control vs EM

ENSEMBLE MEAN (EM) BASICS
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LOGISTIC RELATIONSHIP

ÅGeneric relationship widely used in 

ïBiology, chemistry, geosciences, demography, economics, psychology, 

sociology, political science, linguistics, statistics, etc

Å Used to describe perturbation or error growth

ï In nonlinear systems like the atmosphere (Lorenz 1969)

ÅWe will describe error in unperturbed ñcontrolò forecast

ïApplied to true error evaluated against reality

ÅAs opposed to ñperceived errorò evaluated against proxy for reality (analysis)

ïServes as basic reference 10

Quasi-exponential growth

due to instabilities
Nonlinear saturation due to

interactions in finite size systemRange - L

Speed - k



ENSEMBLE MEAN VS. SMOOTHING
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Toth & Kalnay 1997

ÅControl & ens mean progressively filtered w 

increasing lead time to optimize PAC

ïStronger filter at longer leads & for control

ÅSmall sample, non-exhaustive study

ÅEnsemble retains some advantage in PAC



REAL-WORLD EXAMPLE

ÅEM has lower error 
than Control

ÅEM saturates at 
lower level than 
Control

12

14-members from NCEP ensemble

How to explain difference between 

error in Control vs EM?
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IMPROVED STATE ESTIMATION?

Toth & Kalnay 1997

Å Assesses impact from initial 

perturbations that project on 

error

Å How much of perturbations do 

project onto error?

Å What is effect of non-projecting 

perturbations?

ï Not explored yet ïHow much hurts?

Å Effect of full saturation related 

filtering ignored

ÅControl (solid) & perturbed forecast errors (dashed) 

described by logistic curve

ÅPerturbation assumed to project onto error in control

ÅEns mean error reduced due to nonlinear filtering

Shift



ISOLATE INITIAL VALUE RELATED NONLINEAR EFFECT
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ÅSymmetric pair of growing perts centered at control

ÅReplace ñshift of logistic curve kernelò in TK97 with
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ïEvaluate expected difference 
connected to initial conditions
ÅIgnore differences in saturated phase

ÅDifference btw control & ens mean 
related to 
ïError in ensemble mean

ÅEffect depends on whether 
perturbations 
ïDo or do not project on control error

+ Perturbed

- Perturbed

Control

Ens Mean

ÅDifferential growth on 
two sides of control -
Gilmour et al ô01

ïIgnore misalignment of pairwise pertsdue to ñrotationò ïunderest.

ÅEM deviates from control due to nonlinearities



CHANGE IN CONTROL ERROR DEPENDING ON
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ÅSize of same change depends if it is

ïAligned with OR

ïOrthogonal to 
error in control



IMPACT OF PERFECT PERTURBATIONS
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ÅAssume a pair of perfect perturbations
ïProjects 100% on error in control

ïHas same amplitude as control error

ÅAssess % error reduction in ens mean vs control
ïIn reference to non-dim position on logistic curve 

ÅMaximum error reduction 
around midpoint

ÅLargest error reduction 
for smallest analysis 
error

ïMore time for impact to 
amplify

ÅImpact diminishes as full 
saturation approached

ïInitial value impact 
separated

Percent error reduction

Absolute position on logistic curve

A
n
a
ly

s
is

 &
 i
n
it
ia

l 
p
e
rt

 a
m

p
lit

u
d
e
 

(u
n
it
 =

 c
lim

a
te

 S
D

)


